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AHHOTAIIA

C 1espl0 U3y4YeHUsl YPOBHS HHJIOTEHHBIX MHTHOUTOPOB OKCHZA a30Ta y MAIMEHTOB ¢ OPOHXHAJIbHONU acTMOU
(BA) B couetanuu c aprepuasibHoil runeprensueii (AI) obciemoBanu 288 narueHToB: 96 — ¢ BA, 96 — ¢ AT 1 96 —
¢ BA + AT. AcumMeTpuuHbIi fuMeTnaapruand (ADMA), cuMMeTpUUHBIH AuMeTHIapruaud (SDMA), N-MoHOMETHIT
L-apruaun (NMMA) u L-apruHuH ONpe/Iesisiid METOIOM BBICOKO3(h(DEKTUBHOMI KUAKOCTHOH XpoMaTorpaduu, CyM-
MapHBIH OKCHJ, a30Ta — (HOTOMETPUUYECKHM METO/IOM. BBISBIEHO, UTO KOMOPOU/IHOE TeueHHe OPOHXUAJIBHON acT-
MBI U apTEPUAIBHOA THIEPTEH3UHN XaPAKTEPHU3YETCS JTOCTOBEPHBIM yBEJIMYEHUEM CHIBOPOTOUHBIX KOHIIEHTPAIUH
ADMA, SDMA u NMMA, nMeIomux J0CTOBEPHbIE KOPPEIAIUOHHBIE CBSI3U C YPOBHEM OKCH/A a30Ta KpoBHU. CHUXKe-
HUe KOHIIeHTPaluY S3HJOTeHHBIX UHI'MONTOPOB OKCHIA a30Ta B IAHHON KOTOPTE OOJIbHBIX MOKET IIPEJICTABJIATD Ilep-
CIIEKTUBHYI0 (apMaKOJIOTHYECKYIO 3a/1a9y.

Kaoueewvte caoea: OpoHXuaIbHASA aCTMa, apTepUaIbHAsA TUIIEPTEH3Us, OKCH azota, ADMA, NMMA, SDMA, koMop-
OHTHOCTb.

ABSTRACT

288 patients were examined to study the level of endogenous inhibitors of nitric oxide in patients with bronchial
asthma (BA) associated with arterial hypertension (AH): 96 patients — with BA, 96 patients — with AH and 96 pa-
tients — with BA + AH. Asymmetric dimethylarginine (ADMA), symmetric dimethylarginine (SDMA), N-monomethyl
L-arginine (NMMA) and L-arginine determined by method of high-performance liquid chromatography, total nitric
oxide — by photometric method. It is revealed that the comorbid course of bronchial asthma and arterial hyperten-
sion is characterized by a significant increase in serum concentration of ADMA, SDMA and NMMA having significant
correlation with blood nitric oxide level. Decrease in concentration of endogenous inhibitors of nitric oxide in this
cohort of patients can represent a perspective pharmacological task.

Keywords: bronchial asthma, arterial hypertension, nitric oxide, ADMA, NMMA, SDMA, comorbidity.
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OnHa U3 aKTyaJIbHBIX NIPO0OJIEM COBPEMEHHOTO
37[paBOOXpaHEHUs — POCT Yucya 60JIBHBIX ¢ OpOH-
X00OCTPYKTHUBHOU MATOJIOTHEH B 11eJIOM U OPOHXU-
anpHOl actmoii (BA) B wactHocTH [1]. BA Bcrpeua-
eTcsl cpefiyl Bcex BO3PACTHBIX Karteropuil. IIpu sTom
KOJIMYECTBO JIIOJIEH, CTpaZaoiux OpOHXHATHHOH
acTMOM, B MUPe JOCTHUIJIO VKe 300 MJIH YeJl. U IIPOo-
JIOJI’KaeT pactu [2].

JIpyroii cepbesHoOl Mpo0IeMON 3/]paBOOXpaHe-
HUsA SBJISIeTCA apTepuanpHas rumepreHsus (AT).
AT — oziHa U3 OCHOBHBIX IPUYHNH CMEPTHOCTY Hace-
JIEHUsI OT CEPIeYHO-COCYAUCTHIX 3aboseBaHuii. AT
BBICTYIIA€T B KAUeCTBe IPEJUKTOPA aTePOCKJIEPO-
TUYECKOI'0 IMIOPAXKEHUA COCY/IOB, IBJIAACH IIPH 5TOM
OCHOBHOM HPHUYMHOH OCTPOTO HAPYIIEHUS MO3TO-
BOro KpoBoobOparrenus. I1o JaHHBIM MHOTOYHCIIEH-
HBIX CKPDUHUHTOBBIX HCCJIEJIOBAaHUI, IIPOBEIEHHBIX
Kak B Poccuiickoii ®eneparuu, Tak ¥ BO MHOTHUX
JIPYTUX CTpaHaxX MUpA, THIEPTOHUYecKas 00Je3Hb
[IpU3HaHa [aHAeMUel, a ee pacCIpOCTPAaHEHHOCTh B
Poccuu mocruraer 39—40 % [3].

B nHacrosimee BpeMsi BHHIMAaHHE HCCJIEZOBATE-
JIel Bce OOJIbINE TPUBJIEKAETCA K TPobJieMe KOMOp-
6umHOCTH [4]. B cOBpeMeHHOI MeIUITUHCKON MpaK-
THKE JOCTATOYHO YACTO BCTPEUYAETCS COUYETAHHOE
TedeHHe OPOHXMAJIBLHOH acTMbl M apTepUaIbHON
runepreHsuu [2]. B wacTHOCTH, IO JJAHHBIM PETPO-
CIEKTUBHOTO WCCJIEJIOBAHUSA, IIPOBEJEHHOT0 HAMU
y TNaIMeHTOB, TOCHUTAJIU3UPOBAHHBIX IIO IIOBOZY
OpOHXHMAJIPHON acTMbI, HaubOJIee pacIpOCTPaHEH-
HBIM CpeAu KOMOPOUIHBIX 3a001€BAaHUN ABJIAIACH
aprepuasibHas TUnepTeHsus (65.7 %).

Komop6umHOCTh cCOTpoBOXK/1aeTcs 6oJiee BbIpa-
JKeHHOU SHJIOTEINAJIBHOU MUCPYHKIMEH KaK YHU-
BepCcaJIbHOU peakIlFell opraHu3Ma Ha pa3BUTHE Ia-
TOJIOTUYECKUX COCTOSIHUU. B TO ke BpeMs OKCH[T
azora (NO) sBIAeTCS OTHOU U3 KJTFOUEBBIX MOJIEKYJI-
MapkepoB auchyHKIuU sHpoTenus [5—8]. Okcup
a30Ta IPUHUMAET YUYacTHe B I[eJIOM psijie PU3N0JIO-
rudecKkux mporeccoB [5]. Huskue ChIBOPOTOUHBIE
koHneHTparuu NO accorfuupoBaHbI € aTEPOCKIIEPO-
30M, HapyIIeHUsIMH YIJIEBOAHOTO 0OMeHa, HHpap-
KTOM MHOKap/ia, THIIEPTOHINYECKOU O0JIE3HBIO U JIP.
[5, 9-11].

IIpomecc cunTe3a NO mpesacTaBiseT cobOM
CJIOKHYI0O TEMOYKY OKHCJINTEIbHO-BOCCTAHOBU-
TeJIPHBIX PeaKIHi, ¢ ydyacTueM psaaa KopaKTOpOB
u kodepmenToB. Cyoerparom A cuaTe3a NO ciy-
JKUT aMUHOKUCJIOTA L-apruHuH, KOTopas Mo Aen-
CTBUEM CHHTETa3 OKCH/A a30Ta B IIPUCYTCTBUU Te-
TparuApoOUONTEPUHA, HUKOTHHAMUAAIEHUH/TUHY-
kieorunadocdara, ¢GaaBUH-aJIEHUHAUHYKIJIEOTH/ 1A
npeBpaiaercsas B L-nmutpysuinH u Mmosiekyay NO.

One of the urgent problems of modern health
care is the growing number of patients with bron-
cho-obstructive pathology in general and bronchial
asthma (BA) in particular [1]. BA occurs among all
age categories. Meanwhile, the number of people
suffering from bronchial asthma in the world has
already reached 300 million people and continues
to grow [2].

Other major concern of public health is arterial
hypertension (AH). AH is one of the leading causes
of mortality from cardiovascular diseases. AH acts
as a predictor of atherosclerotic vascular lesions,
being a main cause of acute cerebrovascular ac-
cident. According to numerous screening studies
conducted both in the Russian Federation and in
many other countries of the world, hypertension
is recognized as a pandemic, and its prevalence in
Russia reaches 39—40% [3].

Nowadays the attention of researchers is in-
creasingly drawn to the problem of comorbidity
[4]. The associated course of bronchial asthma and
arterial hypertension occurs rather often in mo-
dern medical practice [2]. In particular, according
to our retrospective study of patients hospitalized
for bronchial asthma, arterial hypertension was the
most common among comorbid diseases (65.7%).

Comorbidity is followed by a more pronounced
endothelial dysfunction as a universal reaction of
the body to development of pathological conditions.
At the same time, nitric oxide (NO) is one of the
key molecular markers of endothelial dysfunction
[5—8]. Nitric oxide takes part in number of physio-
logical processes [5]. Low serum NO concentrations
are associated with atherosclerosis, disturbances of
carbohydrate metabolism, myocardial infarction,
hypertension etc. [5, 9—11].

The process of NO synthesis is a complex chain
of redox reactions, involving a number of cofactors
and coenzymes. The substrate for NO synthesis
is L-arginine amino acid which is converted into
L-citrulline and NO molecule under the action of
nitric oxide synthetases in the presence of tetrahy-
drobiopterine, nicotinamide adenine dinucleotide
phosphate, flavine adenine dinucleotide. L-citrul-
line subsequently is reduced to L-arginine in the
ornithine cycle. Enzyme NO synthetase in a human
body is represented in 3 forms: neuronal (nNOS),
inducible (iNOS) and endothelial (eNOS) [5, 12].

Asymmetric dimethylarginine (ADMA) is en-
dogenous inhibitor of nitric oxide synthesis [5, 13,
14]. Formation of ADMA, N-monomethyl L-argi-
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L-muTpy/JIITMH BIIOCJIEICTBUM BOCCTAHABJIMBAETCS
0 L-apruauHa B OPHUTHHOBOM HuKJje. ®epMeHT
NO-cuHTeTa3a B OpraHu3Me yesioBeKa IpesicTaBIeH
3 dopmamu: HetipoHaynbpHaA (MNOS), HHAYTUOETD-
Has (INOS) u suporenunansuas (eNOS) [5, 12].
AcuMMeTpuuHbIN quMeTHIapruaud (ADMA) —
5TO SHJIOTEHHBIH WHTUOUTOP CHHTE3a OKCHJIa a30-
Ta [5, 13, 14]. O6paszoBanue ADMA, N-MoHOMeTHIA
L-apruanaa (NMMA) 1 cMMMeTPUYHOTO JUMETHII-
aprunuHa (SDMA) IpOUCXOAUT B PE3YJIbTATE IPOTE-
osin3a GeJIKOB, COZIEPKALUX METHIMPOBAHHBIH ap-
ruauH. CHavasa moJi AelcTBUeM apruHUH-MeTUJI-
TpaHcdepasbl Tuna 1 (PRMT-1) nyiu metusrpancde-
pasbl Tuna 2 (PRMT-2) o6pasyercs NMMA. 3atem
u3 NMMA nop geticrBuem PRMT-1 cunTe3upyercs
mosekysna ADMA, a nox neiictBuem PRMT-2 mpouc-
xonut obpaszoBanue SDMA. Haubosiee u3yyeHHbIM
naruburopom NO-cuHTa3sl sBasiercss ADMA, B To
BpeMs Kak posib NMMA u SDMA k HacToAIemMy Mo-
MEHTY HM3y4eHa He/JOCTAaTOYHO, XOTs II0 pe3yJIbTa-
TaM HEKOTOPBIX HCCJIEIOBAHUM IOKa3aHA UX B3au-
MOCBs3b co cHukeHneM NO chIBOPOTKH [13—16].
ADMA 110 aHHBIM MHOTOYHCJIEHHBIX HCCJIEZO-
BaHUMH ABJAeTCA PAKTOPOM PHCKA apTepUaIbHON '~
[IePTEH3N Y, UIIEMUYECKON O0JIE3HU cep/la, aTepo-
CKJIEPO3a, JIETOUHOM TUIEPTEeH3UH, GUOPUILIAIUN
IIpeficepAnii, MHCYJIbTA, 3a00JIeBAaHUN ITepubepuye-
CKHUX apTepuii, caxapHoro amabera U XpOHUYECKOH
CepIeuHOl HeJ0CTaTOYHOCTH [5, 13, 15—21]. Kpo-
Me TOTO, IPU HOBBINIEHUU KOHIeHTparuu ADMA u
NMMA 06pa3syioTcsi akTUBHBIE GOPMBI KHCIJIOPOJIA,
TaKue KaK CylIepOKCH/T AaHUOH U TEPOKCHHUTPUT, KO-
TOpbIe CHUKAIOT OromocTynHOCcTh NO [13].
Heckospko wuccieoBaHUM MPOAEMOHCTPHPO-
BaJIH, 4TO BBeleHrne ADMA 3/10pOBBIM J10O6POBOJIB-
aM MPUBOAUT K DHAOTEIHUATBHON JUCPYHKIIUH,
MIOBBIIIEHUIO COCY/IFICTOTO COIIPOTHUBJIEHUS U apTe-
pHaIBHOTO JIaBJIEHHs, a TaK)Ke K CHUIKEHHUIO cep-
JIEYHOTO BBIOpOca. Y MaIlMeHTOB ¢ OpOHXUAJIbHON
aCTMOU BBISIBJIEHBI BBICOKHE KOHIIEHTpanuu ADMA,
SDMA u Hu3KHe 3HaueHus L-apruHuHa, 4TO yKa-
3BIBAET HA UX BAXKHYIO POJIb B 3a00JIEBAHUSAX IbIXA-
TEJIbHBIX IyTeH BeseacTBre metabonsma NO [13].

IIEJIb UCCJIEJJOBAHUSA

N3yuenne ypoBHsI SHAOT€HHBIX WHTHOUTOPOB
oKkcua asoTa y OOJbHBIX OPOHXMAJIPHOUW acTMOH,
KOMOPOU/THOH ¢ apTepuabHOU THIIEPTEH3UEH.

MATEPHAJIBI 1 METO/JbI

HUccnenoBanue nposezeHo Ha 6aze BY3 HCO
«[opoackas kanHUYeckas 6oabHuIIa N2 25» 1. Ho-
Bocubupcka. ObcienoBaHo 288 uest., M3 KOTOPBIX
chOopMUPOBAHO TPU T'PYIIIBL: MATUEHTHI ¢ OPOHXU-

nine (NMMA) and symmetric dimethylarginine
(SDMA) occurs as a result of proteolysis of the pro-
teins containing methylated arginine. First, NMMA
is formed under the influence of arginine-methyl-
transferase of type 1 (PRMT-1) or methyltransfer-
ase of type 2 (PRMT-2). Then the ADMA molecule
is synthesized from NMMA under the influence of
PRMT-1, and the formation of SDMA under the in-
fluence of PRMT-2 takes place. The most studied
NO synthetase inhibitor is ADMA while the role of
NMMA and SDMA today is studied insufficiently,
though some researches have shown their relation-
ship with a decrease in serum NO [13—16].

According to numerous studies, ADMA is a
risk factor for arterial hypertension, coronary heart
disease, atherosclerosis, pulmonary hypertension,
atrial fibrillation, stroke, diseases of peripheral ar-
teries, diabetes mellitus and chronic heart failure
[5, 13, 15—21]. Besides, increasing concentration of
ADMA and NMMA produce active forms of oxygen,
such as superoxide anion and peroxynitrite which
reduce bioavailability NO [13].

Several studies have shown that administra-
tion of ADMA to healthy volunteers leads to endo-
thelial dysfunction, increased vascular resistance
and arterial blood pressure, as well as decreased
cardiac output. ADMA, SDMA high concentrations
and low values of L-arginine were revealed in pa-
tients with bronchial asthma, which indicates their
important role in diseases of respiratory tract ow-
ing to NO metabolism [13].

AIM OF THE RESEARCH

Investigation of the level of nitric oxide endo-
genous inhibitors in patients with bronchial asth-
ma comorbid with arterial hypertension.

MATERIALS AND METHODS

The study was conducted on the basis of Novo-
sibirsk City Clinical Hospital No. 25. 288 persons
were examined, of which three groups were formed:
patients with bronchial asthma (n = 96), with ar-
terial hypertension (n = 96), and with bronchial
asthma comorbid with arterial hypertension (n =
96). Groups were comparable in age and gender. The
average age (Me { Q 25%; Q 75% }) of patients with
bronchial asthma was 52.0 years {45; 61}; with ar-
terial hypertension — 56.5 years {46.8; 61.0}; with
comorbid pathology — 60 years {55.0; 63.0}.

Blood for research was collected in test
tubes with a coagulation activator. The received
material was centrifuged at 3000 rpm within
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aJIBHOU acTMOH (n = 96), ¢ apTepUAIbHON IUIIEPTEH-
3uen (n = 96) U ¢ UX coYeTaHHLIM TeueHueM (n = 96).
Ipynnel 6bLTM CONOCTABUMBI IO BO3PACTY U IIOJLY.
Cpenuuii Bozpact (Me {Q 25 %; Q 75 %}) nanues-
TOB ¢ OPOHXHMAJBbHOH aCTMOHN COCTAaBHJ 52.0 TO/a
{45; 61}; c apTepuaIbHOU rUNepTeH3NeN — 56.5 roga
{46.8; 61.0}; ¢ KOMOPOHUHON MaTOJIOTHER — 60 JIET
{55.0; 63.0}.

KpoBb ny1s ucciemoBanuii 3abupasach B Mpo-
OUPKU C aKTUBATOPOM CBEPTBHIBAHUA. [10TyUeHHBIH
MaTepuas HeHTPUGYTHPOBAIH IIPU 3000 00./MUH B
TeueHUe 15 MUH, CBIBOPOTKY ITOMEIAIu B IJIACTU-
KOBBIE TIPOOUPKH, HEMENJEHHO 3aMOpPa’KUBATIU U
XpaHuiu npu temieparype —20 °C. ADMA, SDMA
u NMMA omnpeziesisijii METOIOM BBICOKOA(PDEKTUB-
HOU JKHIKOCTHOM Xpomarorpaduu. AHamus ocy-
IiecTBIIAIICA HAa XxpoMmarorpade Irica (Japan), ¢ dito-
opoMerpuueckuM getrekropom Hitachi MPF-4, uc-
110JIb30BaJIu peakTuBbl GupMbl SIGMA.

CymMmapHubIii okcuz azota (NOX) omnpenesisiics
¢oTomeTprueckuM MeToOM. VCIoIb30BaINCh pe-
akTuBbl pupMBI R & D Systems. MeToz ocHOBaH Ha
(bepMeHTHOM IIpeBpallleHNN HUTPATA B HUTPUT IOZ,
JIeICTBUEM HUTPATPEYKTA3bL.

Il CTAaTUCTUYECKOTO0 aHAIM3a IIOJYyUYEeHHBIX
JIaHHBIX Hcnosib3oBasiack nporpamma STATISTICA
12.5 (StatSoft). BapuanuoHHble PAABI TECTUPOBA-
JINCh Ha HOPMAJIBHOCTD C HCIIOJIb30BAHUEM KpHUTE-
pus Konmoroposa — CmupsoBa u lllanupo — Yui-
ka. [TosrydueHHBIE Pe3yJIbTaThl ObLIH 0OpPabOTAaHBI C
noMolinbio kpurepues Kpackena — Yosiuca, Man-
Ha — YUTHH U pa"roBoro Metosa Crnimpmena. Onu-
caTeJbHAsI CTATHCTHKA IIPEACTaBJIE€HA MeIHaHOU
(Me) ¢ MexXKBapTHJILHBIMU HHTepBasiaMu {Q 25 %;
Q 75 %}. J1oCTOBEPHOCTH PA3JIMYMI OI€HHUBAJIACh
KaK CTaTUCTUYECKU 3HAYHUMAasI IIpU P MeHee 0.05.

PE3YJIBTATDBI 1 OBCYKJIEHUE

B xojte wiccyiefoBaHUsA BBISABJIEHBI Pa3INuUs B
CBIBOPOTOYHBIX KOHIeHTpanuax ADMA. ¥V nanues-
TOB C COUETAaHHOH maTojioruei suavenuss ADMA Ha
44—50 % BbIllIe, yeM B rpynmnax Al' u BA. Ilpu stom
JIOCTOBEPHBIX PA3JIUYUN MEK/AY rpyInaMu cpaBHe-
HUSI He BBISIBJIEHO (TabJ1. 1). Kpome TOro, HoBbIIIeHHE
ypoBHs ADMA JIOCTOBEPHO aCCOITUHPOBAHO C Kype-
HueM (1.14 {0.9; 1.28} MKMOJIb/JT MPOTHUB 1.04 {0.78;
1.33} (p = 0.04)) u caxapHbIM guabeToMm (1.23 {1.01;
1.47} MKMOJIb/JI IPOTHUB 1.05 {0.78; 1.25} MKMOJIb/
(p = 0.0024)). He ObLIO BBIABJIEHO JTOCTOBEPHBIX
passyrmuuii B ypoBHAX ADMA B 3aBUCHMOCTH OT I10J1a
(p = 0.84), uTo coracyercs ¢ IUTEPATyPHBIMU JTaH-
HBIMH [13, 15].

[Tpu aHaIM3e KOPPEJISAIIUOHHBIX B3AUMOCBS3EH
paHroBBIM MeToioM CITTpMeHa BBISABJIEHBI B3aMOC-

15 min, serum was placed in plastic test tubes, im-
mediately frozen and stored at a temperature of
—20°C.ADMA, SDMA and NMMA were determined
by high-performance liquid chromatography. The
analysis was carried out on the Irica (Japan) chro-
matograph, with Hitachi MPF-4 fluorometric de-
tector, using SIGMA reagents.

Total nitric oxide (NOx) was determined by
photometric method. R & D Systems reagents were
used. The method is based on enzymatic conversion
of nitrate into nitrite under the influence of nitrate
reductase.

STATISTICA v. 12.5 (StatSoft) was used for
statistical analysis of the obtained data. Variation
series were tested for normality with the Kolmogo-
rov-Smirnov and Shapiro-Wilk tests. The received
results were processed by means of the Kruskal-
Wallis method, Mann-Whitney test and Spearman’s
rank correlation coefficient. Descriptive statistics
is represented by a median (Me) with interquartile
intervals {Q of 25%; Q 75%}. The significance of dif-
ferences was estimated as statistically significant at
p less than 0.05.

RESULTS AND DISCUSSION

Differences in ADMA serum concentrations
were revealed during the study. In patients with
comorbid pathology, ADMA value were 44-50%
higher, than in the AH and BA groups. At the same
time, no significant differences between groups
of comparison were revealed (Table 1). Besides, an
increase in the ADMA level is reliably associated
with smoking (1.14 {0.9; 1.28} umol/l against 1.04
{0.78; 1.33} (p = 0.04)) and diabetes mellitus (1.23
{1.01; 1.47} umol/l against 1.05 {0.78; 1.25} umol/l
(p = 0.0024)). Significant differences in the ADMA
levels were revealed depending on the gender
(p = 0.84) which is consistent with the literature
data [13, 15].

When analyzing the correlation relationships
using the Spearman’s rank correlation coefficient,
we revealed relationships (p < 0.05) between the
ADMA level (0.24), age, body mass index (0.20),
glomerular filtration rate (GFR) according to CKD
EPI (-0.25).

SDMA and NMMA should currently be re-
ferred as potential inhibitors of nitric oxide, as their
influence on nitric oxide synthesis still remains to
be investigated [5, 14]. Nevertheless, there are se-
parate reports on the inhibiting properties of SDMA
and NMMA, and more often these properties are
associated with competitive interaction with ac-
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Bs3U (p < 0.05) ypoBHsI ADMA ¢ BozpactoMm (+0.24),
WHJIEKCOM MAacchl Tesia (+0.20), CKOPOCThIO KIIyOOoU-
koot pustsrpanuu (CK®) no CKD EPI (-0.25).

SDMA u NMMA B Hacrosllee BpeMs CJIeAy-
€T OTHOCUTH K MOTEHI[UAJTbHBIM UHTHOUTOPAM OK-
cujia a30Ta, TaK KaK UX BJIUSHUE HA CUHTE3 OKCH/IA
a30Ta ellle MPEeJICTONT UBYUHTH [ 5, 14]. Tem He MeHee
OT/IeJIbHBIE cOO0IEeHsT 00 MHTUOUPYIONUX CBOM-
ctBax SDMA u NMMA yike ecTb, 1 4allle 5TH CBOH-
CTBa CBA3BIBAIOT C KOHKYPEHTHBIM B3aUMOJIEHCTBHU-
eM ¢ aKTUBHBIMU lieHTpamMu NO-cuHTeTas [13, 14].
CrnoxxHocTu B usdydenuu poanu SDMA u NMMA rno-
0aBJIsIET U TO, UTO ITPU UX IMOBBIIIEHUH YaIlle BCErO
BO3pacTaioT u KoHIeHTpanuu ADMA [14].

B mHamem uccisemoBaHuu B oTHoieHun SDMA
MPOCJEXKUBAETCA AUHAMUKA, cxofgHad ¢ ADMA.
Tak»ke oTMeuaeTcsi €ro J0CTOBEPHOE IOBBIIIEHUE
B rpymne KoMopOouaHoOU marosoruu (cM. Tabi. 1).
C BeJTMUMHOU CKOPOCTHU KJIYOOUKOBOH DUIBTPAIIHU
YCTaHOBJIEHA OYEHH cJ1abast KOppeJIAIUOHHAS B3aH-
MOCBs13b: —0.18 (p < 0.05). He BBIsIBJIEHO 3BHAUUMBIX
U3MEHEHUH B 3aBUCHMOCTH OT HAJIMUYUA CaXapHO-
ro suabera (p = 0.12), kypeHus (p = 0.09) u 1moJsa
(p=0.29).

tive centers of NO synthetases [13, 14]. Difficulties
in studying the role of SDMA and NMMA are also
added by the fact that with an increase in their con-
centration, most often the ADMA concentrations
increase as well [14].

SDMA dynamics similar to that of ADMA is
observed in present study. Also its significant in-
crease in group of comorbid pathology is registered
(see Table 1). A very weak correlation relationship
is established with the glomerular filtration rate:
—0.18 (p < 0.05). No significant changes, depending
on existence of diabetes mellitus (p = 0.12), smok-
ing (p = 0.09) and gender, are revealed (p = 0.24).

Serum NMMA is represented by rather low
concentrations. According to the results of our
study, the significant difference between the studi-
ed groups was established. There is a very weak
correlation with the ADMA level: 0.16 (p < 0.05).
With increase in NMMA, no association with dia-
betes mellitus (DM) of type 2 (p = 0.13), gender
(p = 0.65) and smoking (p = 0.06) was registered.

L-arginine is amino-acid substrate for NO
synthesis. According to the results of comparison

Ta6auna 1. YpoBHU UCCIIEOBAHHBIX MIOKAa3aTes e, MKMOJIb/JT

Table 1. Levels of the studied indicators, pmol/1

IMokaszaress / Indicator AT / AH BA / BA AT + BA/ AH + BA
ADMA 0.92 {0.77; 1.125} 0.89 {0.77; 1.01} 1.34 {1.18; 1.48}
TTomapHOe cpaBHEHUE BA u komopb6uHOCcTh / BA and comorbidity p = 0.0001*
(KPHT?pHH Kpackena — Yonnuca) AT u xomopbuyaocTs / AH and comorbidity p =0.0001*
Pairwise comparison

(the Kruskal-Wallis method) BAu AT / BA and AH p =0.2473

SDMA

IIonapnoe cpaBHEeHUE

(xputepuii Kpackena — Yostuca)
Pairwise comparison

(the Kruskal-Wallis method)

NMMA

ITonmapaoe cpaBHeHUe

(xputepuii Kpackena — Yosauca)
Pairwise comparison

(the Kruskal-Wallis method)

L-aprunuH / L-arginine

ITomapHOe cpaBHEHUE

(xputepuii Kpackena — Yostuca)
Pairwise comparison

(the Kruskal-Wallis method)

Cymmapusbliit okenp azora / Total nitric oxide

Ilonapraoe cpaBHEeHUe

(xputepuii Kpackena — Yostuca)
Pairwise comparison

(the Kruskal-Wallis method)

0.76 {0.62; 0.93} 0.69 {0.59; 0.87}

0.92 {0.82; 1.04}

BA u xomop6uHocTh / BA and comorbidity p = 0.0001*

AT u xomopbunocts / AH and comorbidity p = 0.0009*
BAu AT / BAand AH p =0.0830

0.29 {0.22; 0.35} 0.23{0.18; 0.3} 0.34 {0.20; 0.49}
BA u xomopbuHocTh / BA and comorbidity p = 0.0001*

AT u xomopbuanocts / AH and comorbidity p = 0.0039*%
BAu AT / BAand AH p = 0.0038%

40.2 {37.5; 43.0} 41.6 {37.3; 47.7} 41.85{37.2; 45.7}
BA u xomop6uiHocTh / BA and comorbidity p=0.8852

AT u xomopbuaocTs / AH and comorbidity P = 0.0509

BAu AT' / BAand AH p =0.0883
22.5{17.8; 27.3} 24.9 {20.1; 30.5} 19.65 {15.7; 23.15}
BA u xomop6uanocts / BA and comorbidity p = 0.0001*

AT u xomopbuanocts / AH and comorbidity p=0.0833

BAu AT / BAand AH P =0.0041

* YpoBeHb 3HAUUMOCTH P < 0.05.
Significance level p < 0.05.

Journal homepage: http://jsms.ngmu.ru

93



doi: 10.31549/2542-1174-2020-2-89-97

Cmagbees A.H. u dp. / Journal of Siberian Medical Sciences 2 (2020) 89—97

NMMA B CbIBOPOTKE KPOBU IIPE/CTaBJICH JI0O-
CTATOYHO HU3KUMU KOHIeHTparuamu. 1o pesysn-
TaTaM HaIlleTO HUCCJIEOBAHUS YCTAHOBJIEHO JIOCTO-
BEpHOE pa3JInuue MeXJy UCCJIelyeMbIMU TpyIIIa-
mu. VimMeeTcs oueHb caabast KOppeIsAIUOHHAs CBA3b
¢ ypoBaeM ADMA: +0.16 (p < 0.05). He oTmeueHo
accoryanuy caxapHoro auabera Tumna 2 (p = 0.13),
mosia (p = 0.65) u Kypenus (p = 0.06) ¢ IOBBIIIEHH-
eMm NMMA.

L-apruHuH — aMHHOKHUCJIOTHBIN CyOCTpaT i
cuHTe3a NO. Ilo pesysnbraTaM cpaBHEHHUsI KOHIEH-
Tpanuu L-apruHuHa B HUCCIEAYEMBIX TPYIIAaX J0-
CTOBEPHO HE OTIMYAJINCh, YTO TOBOPUT O TOM, UTO
nebunuT cybcTpara He sIBJIAJICA HEIIOCPE/ICTBEHHOM
npuyuHo Aedunura NO.

YpoBeHb CyMMAapHOTO OKCUZA a30Ta JOCTOBEP-
HO CHUKEH B TPyIIIle KOMOPOUHOW ATOJIOTUH (CM.
tabsa. 1). Kpome Toro, ¢ nedumuToM OKCuaa a3oTa
aCCOITMMPOBAHbBI CaXapHBIA JHabeT (19.5 MKMOJIb/JI
{16.1; 21.5} mpoTtuB 22.5 MKMoJb/1 {18.0; 28.3}) u
KypeHue 19.7 MKMOJb/N {17.2; 25.1} NpPOTHB 23.1
MKMOJTb/71 {18.4; 29.0}).

BrIfIBIIEHBI JIOCTOBEPDHO 3HAYMMbIE KOppeJsi-
[IMOHHBIE CBA3U Meky ypoBHAMU ADMA u SDMA,
ADMA u ADMA, NMMA u NOx, SDMA u NOx
(Tabu. 2).

B Hacrosiee BpeMs W3BECTHO, YTO BBICOKHE
KOHIIEHTPAI[UH SHJIOTEHHBIX WHTHUOUTOPOB OKCHAA
a30Ta aCCOIMUPOBAHbI C HEGIATOIPUATHBIMH UCXO-
namu. [IpeicTOUT OmpeneuTh, IPUBOAAT JIU CHU-
skeHHbIe ypoBHU ADMA, SDMA 1 NMMA Kk ymeHb-
IIEHUI0O DPHCKA CepAeYHO-COCY/IUCTHIX 3aboJieBa-
HUU U yJIy4IIeHHIo uX ucxona [5, 13, 15, 21]. lo cux
mop 6oJIbIIAs YACTh HAIIUX 3HAHUH O MOTEHI[UAb-
HBIX MeTO/IaX JIeueHUs, CBA3aHHBIX CO CHUKEHHEeM
ADMA, SDMA u NMMA npu KOHKpeTHBIX 3a00J1e-
BAHUAX, OCHOBAHA HA HCCJIEJIOBAHUAX HA JKUBOT-
HbIX. Biusiaue ypoBHeit ADMA Ha pa3jinyHbIe 3Be-
Hbs MMaToreHe3a TpebyeT JaIbHEHIINX HCCIIEN0Ba-

of L-arginine concentrations in the studied groups
did not differ significantly, which indicates that the
substrate deficiency was not a direct cause of NO
deficiency.

The level of total nitric oxide was significantly
reduced in the group of comorbid pathology (see
Table 1). Besides, diabetes mellitus (19.5 umol/l
{16.1; 21.5} against 22.5 umol/l {18.0; 28.3}), and
smoking (19.7 umol/1{17.2; 25.1} against 23.1 umol/1
{18.4; 29.0}), are associated with the deficiency of
nitric oxide.

Significant correlations between ADMA and
SDMA, ADMA and ADMA, NMMA and NOx,
SDMA and NOx levels were revealed (see Table 2).

Nowadays it is known that high concentra-
tions of endogenous nitric oxide inhibitors are as-
sociated with adverse outcomes. It is to be deter-
mined whether decreased levels of ADMA, SDMA
and NMMA reduce risk of cardiovascular diseases
and improve their outcome [5, 13, 15, 21]. So far,
much of the knowledge of potential methods of
treatment, associated with decrease in ADMA,
SDMA and NMMA in specific diseases, is based on
animal studies. The effect of ADMA levels on dif-
ferent components of pathogenesis requires further
research. Thus, further study of endogenous nitric
oxide inhibitors is a promising region of interest.

CONCLUSION

The association of bronchial asthma with ar-
terial hypertension leads to the NO-ADMA-NO
system disorder, deficiency of nitric oxide and, as
a consequence, more pronounced endothelial dys-
function compared to patients without comorbid-
ity. In addition, SDMA and NMMA levels signifi-
cantly increase, requiring further study. Taking
into account the worse prognosis with an increase
in ADMA, a reduction in the levels of endogenous

Taobsmna 2. KoppeanuoHHbIe CBA3H MEXIY UCCIIeYEMBIMU ITOKA3aTEe MU

Table 2. Correlations between the studied indicators

IToxa3zareib

L-aprunun

. ADMA SDMA NMMA .. NOx
Indicator L-arginine
ADMA 1.000 0.5985* 0.163263* —0.037945 —0.331%
SDMA 0.598* 1.000 0.114421 —0.001628 —0.178*
NMMA 0.163* 0.114421 1.000 —0.023741 0.067
L-aprunun -0.038 —0.001628 —0.023741 1.0000 0.070
L-arginine
NOx —0.331% -0.178* 0.067 0.070 1.000

* YpoBeHb 3HAUUMOCTH P < 0.05.
Significance level p < 0.05.
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Huil. Takum 06pasom, fajibHeNIIIee H3yIeHNe SH/I0-
TeHHBIX UHTHOUTOPOB OKCH/IA a30Ta IIPEJICTABIIAET
co0O¥i ITepCIIeKTUBHYIO 006J1aCTh HCCIIEIOBAaHNUH.

3AK/TIOYEHUE

CoueTtanue GPOHXUATBLHOU aCTMBI C apTEPHAIIb-
HOU TUIIEPTEH3UeH NMPUBOIUT K HAPYIIEHHUIO B CH-
creme NO — ADMA — NO, nedpunuty okcuza azora
U, KaK CJIeJICTBHE, O0JIee BIPAKEHHON H/I0TETHAITb-
HOM TuchYHKIIMHI B CPABHEHUU C OOJIBHBIMU 6€3 KO-
MopbuznHOCcTH. KpoMme TOoro, J0CTOBEPHO MOBBIMIAIOT-
cs ypoBHE SDMA u NMMA, uto TpebyeT naibHeknIe-
ro uzyuenus. [I[puHrMasi BO BHUMAaHHe Xy/IIIUH TpO-
rHO3 1pu ToBbIlieHnn ADMA, CHU)KeHUEe YpOBHEH
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